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Abstract — An alternative uniplanar low-pa
stubs is presented in this paper and its u
extended up to five times of its cutoff frequenc
structure primarily consists of short-circuited s
line and connecting lines on coplanar waveguide
of Chebyshev function low-pass frequency r
element values involved in this filter topology 
efficient synthesis design approach rather try-t
approach. Later on, the connecting line between
replaced by its equivalent T-shaped transmissio
the higher order harmonic bands. As design ex
pole uniplanar filters with and without har
elements embedded are designed, fabricated and
Index Terms — Low pass filter, short-circ
synthesis design, harmonic suppression. 
 
I. INTRODUCTION 
As a key building block, microwave low
been widely used in modern wireless commu
High performance low-pass filters are always
Extensive studies have been carried out 
numerous low-pass filters based on various d
have been reported in the literature [1]-[7]. A
microwave low-pass filters was constitut
circuited shunt stubs and connecting lines 
wavelength in [3] and [4]. Due to the freq
property, this kind of filters suffers from r
upper stopband. Another category of low-pas
of hairpin or C-section resonators exhibits 
response based on the original idea in [5] beca
recently, because of its compact size and
stopband [6]. Since the attenuation poles c
near the passband, the rejection skirt near th
increased so much. A semi-lumped low-
attractive features of compactness and sharp
proposed in [7], however, the lump compon
fabrication difficulty in practice.  
An alternative class of uniplanar low-p
Chebyshev function responses is firstly pr
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of the filters with shunt stubs in [3
model only has series stubs and it is
uniplanar low-pass filters on hybrid
slot line structures without needing 
of short-circuited ends. In analog to 
[3]-[4], an efficient synthesis design 
In this paper, the low-pass filter wi
is further discussed, emphasizing 
stopband. Afterwards, a lowpass f
stopband is presented as shown in F
T-shaped line section with a short-ci
developed and synthesized for ha
overall filter layout is simulated
 
Fig. 1. The proposed Chebyshev low-p
stopband. Dimensions: l1 = l3 = 6.0, l2 = 6.60
2.30, ls0, 1 = 2.23, ls1, 2 = 4.89, W1 = W3 = 0
0.10. All units are in mm. 
 
Fig. 2. Transmission-line model of the Che
stubs (n = 3) [9].  
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software, i.e., Agilent ADS software [9], for theoretical 
validation. Finally, two low-pass filters are designed and 
fabricated for comparison. The measured results are found to 
agree with those obtained from transmission line model and 
electromagnetic simulation and show good low-pass filtering 
responses up to five times (5fc) of the cutoff frequency (fc). 
II. LOW-PASS FILTER WITH SERIES STUBS 
Fig. 2 shows the generalized transmission line model of the 
proposed low-pass filter with short-circuited series stubs. It is 
composed of a cascade of n series short-circuited stubs with 
normalized impedance ai and electrical length θc (θc: electrical 
length at cutoff frequency fc) through (n–1) uniform connecting 
lines with normalized impedance bi and electrical length 2θc. 
Following the direct synthesis procedures in [3]-[4], the 
insertion loss function PL of the above network can be obtained 
as the following, 
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where P2n-1 is a polynomial of degree (2n–1). By matching the 
derived insertion loss function with the targeted insertion loss 
function (2) that exhibits desired Chebyshev equal-ripple 
responses [4], the element values of each section can be 
accordingly determined. 
 
2
2
32
2
12
2
2 }
12
)()11()()11(
{1
x
x
xTx
x
xTx
hP c
nc
c
nc
L
−
−−−−+
−+=
−−
 
 (2) 
 
where x = sinθ, xc = sinθc, Tn(x) is the Chebyshev polynomial 
function of the first kind of degree n and h is the specified 
equal-ripple level in the concerned frequency band. 
Fig. 3 plots the frequency responses of the Chebyshev low-
pass filter with n = 2, h =0.1 dB, θc = 30°, 45° and 60° at cutoff 
frequency 3 GHz. The upper cutoff phases are entirely 
determined by (180º–θc) and they are equal to 150º, 135º and 
120º, respectively. Hence, the fractional bandwidth of the 
upper stopband of the lowpass filter is defined as ∆=2 – θc/45º. 
By setting the same cutoff frequency, the low-pass filter with 
the smallest θc has the largest upper stopband. However, as a 
tradeoff, the roll-off at the cutoff becomes slower as shown in 
Fig. 3. 
The low-pass filter in Fig. 2 can be implemented on hybrid 
coplanar-waveguide and slotline structures [8]. Due to 
uniplanar feature of this filter, the short-circuited series stubs 
can be easily realized on slot lines while the uniform 
connecting lines between two adjacent stubs can be formed on 
coplanar-waveguide. Now, the relationship between the 
element values of a low-pass filter with n =2, which are the 
normalized impedance for both two stubs a1 and middle 
connecting line b1, and the fractional upper stopband 
bandwidth ∆ is investigated as shown in Fig. 4. The normalized 
impedance a1 becomes extremely large as wider upper 
stopband is required. On the other hand, the value of b1 does 
not change significantly and gradually goes down from unity 
(z0 = 1) with the increasing ∆. In other words, the upper 
stopband bandwidth is limited by the impedance range of the 
series stub. In this case, the implementation of the stubs with 
slotline will have the largest upper stopband around 122% and 
137% for balanced and non-balanced topology.  
To further improve the upper stopband performance, the 
uniform connecting line between two adjacent stubs, even the 
feeding lines can be replaced by its equivalent T-shaped 
transmission lines. As a dual case of the T-shaped line with an 
open-circuited shunt stub in [10], a T-shaped line with a short-
 
 
Fig. 3. Transmission line model frequency responses of low-pass filter (n = 2)
under varied cutoff electrical length θc 
 
 
 
Fig. 4. Normalized impedances (a1 and b1) as a function of the cutoff electrical
length (θc) for a low-pass prototype with n = 2 and h = 0.1 dB. 
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circuited series stub is newly developed here,
5. For the original uniform transmission line 
the ABCD matrix is  
1 1 1
1 1 1
cos sin
sin cosoriginal
jzA B
jyC D
θ θ
θ θ
⎡ ⎤⎡ ⎤
= ⎢ ⎥⎢ ⎥⎣ ⎦ ⎣ ⎦
The ABCD matrix of its equivalent series-type
given by 
new line stub
A B A B A B
C D C D C D
⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡
=⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣
where  
2 2 2
2 2 2
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and
  
3 31 tan
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By equaling (3) and (4) when θ1 = π/2, we hav
 
Fig. 5. Topologies of a uniform transmission line and its
line with a short-circuited series stub. 
 
 
Fig. 6. Simulated frequency responses of the original co
T-shaped equivalent line. 
 as shown in Fig. 
with length of θ1, 
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where θ2 should be less than π/4, an
position of the harmonic frequency.
transmission line with an impedan
shaped line with a short-circui
synthesized through (5). Fig. 6 plo
the original connecting line between
and its T-shaped equivalent line. The
line is 47 Ω. It is observed that the 
equivalent line is close to the origina
and it generates one transmission ze
order harmonic band is therefore 
stopband will be widened. Similarly
also be replaced by such an equival
electrical properties in the concern
original line. 
III. RESULTS AND D
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simulator that can take all the discon
prototype low-pass filters (n = 3, h 
3GHz) with/without T-shaped trans
and fabricated on a substrate with re
10.8 and thickness of 0.635 mm
photographs of these two fabricat
direct synthesis designed low-pa
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Table I gives the detailed comp
parameters among these three sets 
based synthesis approach, full-wave 
measurement. 
For the filter with embedd
transmission line as shown in the 
measured frequency responses are p
with its original one shown in left-
seen that the performance in the desi
almost unchanged, while the upper 
extended to 15 GHz with a suppressi
 equivalent T-shaped 
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ts the simulated results of 
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ISCUSSION 
 executed via full-wave 
tinuities into account, two 
= 0.1 dB and θc = 45° @ 
mission line are designed 
lative dielectric constant of 
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ed filters. Firstly, for the 
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IV. CONCLUSION 
A class of uniplanar Chebyshev low-pass 
circuited series stubs and its upper stopband
investigated. On a basis of a transmissio
composed of series stubs cascading t
connecting lines, this low-pass filter is effici
in a simple step and its prototype is then f
coplanar-waveguide and slotline structures. 
uniform connecting lines with equivalent T-
(a) 
(b) 
(c) 
Fig. 7. Five-pole low-pass filters. (a) Photographs of Filt
(right). (b) S-parameters of Filter I, theory (solid line), sim
and measured (dashed line). (c) Measured S-parameter
line) & Filter II (solid line). 
TABLE I 
COMPARISONS FOR LOW-PASS P
 Theory EM 
3 dB cut-off 
(GHz) 
3.44 
Maximum in-band 
insertion loss (dB) 
0.1 
Minimum in-band 
return loss (dB) 
16.43 
3 dB upper cut-off 
(GHz) 
8.56 
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 performance are 
n line network 
hrough uniform 
ently synthesized 
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By replacing the 
shaped lines, the 
upper stopband has been improved
the fabricated filters show good agre
predictions and thus provide experim
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